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INTRODUCTION 33
Pollution is one of the main threats to marine environments and may affect both the biotic 34 and abiotic components of the ecosystem. Research efforts have focused primarily on estuarine and 35 coastal environments as these highly productive and sensitive areas are often directly and most 36 seriously exposed and affected by urban runoff, industrial and agricultural effluents and domestic 37 discharges (Cohen et al., 2001 ). These ecosystems are often considered sinks for pollutants, 38 especially for metal(loid) pollutants (Doyle and Otte, 1997), whose accumulation can cause severe 39 environmental problems, due to their high degree of toxicity. 40
Metal(loid)s, present in sediments, pore water and water column, can occur in different 41 forms, depending on many factors, such as redox potential, pH, organic matter and plant species, 42 which may control their bioavailability and toxicity (Ololade and Ologundudu, 2007) . Trace metals 43 tend to be absorbed onto colloids suspended in water and removed from the water column into 44 sediments (Monterroso et al., 2003) . Sediments in coastal systems may contain high quantities of 45 metals that become available to benthic organisms and eventually become transferred to upper 46 trophic levels, affecting the marine food chains (Warwick et al., 1998) , or that are remobilized 47 when sediments are dredged and disposed into the water bodies (Monterroso et al., 2003) . 48
Cadmium is a non-essential element, recognized as an extremely significant pollutant due to 49 its large solubility in water and high toxicity, persistent to most organisms, being the fourth most 50 After the acclimation period, the water solutions were replaced by treatment solutions to 159 study the effects of salinity on the trace metal uptake of S. ramosissima. Three solutions with 160 different salinities were prepared (0, 5 and 10) by adding synthetic the Sea Salt to aerated ultra-pure 161 water. Those salinities were chosen considering the most frequently observed in the Óbidos 162
Lagoon, at the sampling site throughout the year. 163
To prepare the trace metal treatments, cadmium (Cd(NO 3 ) 2 .HNO 3 0.5 mol/l) was added to 164 each salinized solution, from a 1000 µg.l -1 stock solution, in order to produce the finalM A N U S C R I P T For each treatment 3 sets of 3 containers, each containing 3 plants of similar size, number of 176 branches and weight and uniform health, were exposed to 500 ml of treatment solution, in a total of 177 27 containers, and placed in the climate-controlled room. The volume of the solution in each 178 container was carefully monitored and kept at a constant level during the entire experiment to avoid 179 changes in concentration due to water loss from evapotranspiration. Therefore, the containers were 180 watered following the same method used in the acclimation period. timely manner, without risking the modification of the sample's properties, the filtered and diluted 203 samples were then transferred to 50 ml plastic containers and frozen (-18 ºC) until analysis. 204
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The treatment solutions were filtered, under vacuum conditions, for the analysis of dissolved 205 and suspended cadmium. For the analysis of dissolved cadmium, the samples of filtered water were 206 acidified (69% HNO 3 ), to a pH<2, and then transferred to 50 ml plastic containers. For the reasons 207 previously mentioned, the samples were then frozen (-18 ºC) until analyses. Regarding suspended 208 cadmium, the membrane filter of each sample was digested in 6 ml of 69% HNO 3 , using a hot plate 209 at 200 ºC. Once more, after the digestion, the samples were filtered, diluted with ultra-pure water to 210 the final volume of 50 ml, and frozen at -18 ºC (EPA Standard procedures). 211
In order to determine the organic matter, the sediment of all containers was dried in an oven 212 at 60 ºC, during 48h, and then burned at 500 ºC, during 3h in a muffle. The organic matter present in the substratum, in which the Cd could bind itself, was 256 determined by applying the equation used by Eleftheriou and McIntyre (2005) . 257
Before performing any kind of statistical analysis, all variables were first tested for 258 normality using the non parametric test Kolmogorov-Smirnov, using the SPSS 19. According to the Two -Way ANOVA results, the exposure of S. ramosissima to different 280 salinities and Cd concentrations for one month, had a significant effect on the mortality of the 281 plants, with significant differences observed between the treatments S0Cd0 and S0Cd50 (table 2) . 282
Although a uniform pattern in the percentage of mortality for the different treatments was not 283 observed (table 3) , mortality was highest on the treatments S0Cd0 and S10Cd50 (89% for both) and 284 for the treatment S5Cd50 (78%). These three treatments presented also a high occurrence of larvae 285 (table 3) . Considering the concentration 0 µg Cd.l -1 , mortality decreased with the increase of 286 salinity, while the opposite was observed for the concentration 50 µg Cd.l -1 . For the concentration 287 100 µg Cd.l -1 , salinity 5 presented the lowest mortality, with a value of 33% (table 3) . 288
The presence of the larvae, detected during the experiment, had no effect on the mortality of 289 the plants subjected to two of the three treatments with salinity 5 ( = 1.102, p = 0.294, to 0 µg 290 Cd.l -1 ; = 0.225, p = 0,635, to 100 µg Cd.l -1 ). Also for the treatments S0Cd50 and S10Cd0 µg, 291 the test was not applied, since all the plants survived the experiment in the case of the first treatment 292 and plants with larvae were not observed in the second treatment (table 3). As for the other 293 treatments and according to the software, the chi-square approximation was most probably invalid 294 or did not apply. 295 M A N U S C R I P T
Growth parameters 297
Comparing the initial and final lengths of the aerial portion of the plants during one month 298 of treatment, the length increased in all treatments resulting in stem elongation (Figure 2A ). For the 299 salinities 0 and 10, the growth was smallest at the highest Cd concentration (100 µg.l -1 ). 300
In general, S. ramosissima grew more when treated with the lowest Cd concentrations (0 and 301 50 µg Cd.l -1 ). In the treatments where no cadmium was added, the mean stem elongation reached to 302 4.25, 3.34 and 3.31 cm, at the salinities 0, 5 and 10, respectively ( Figure 2A) ; mean stem elongation 303 was only 1.27 and 1.31 cm, in the treatments S0Cd100 and S10Cd100, respectively. However, 304 according to the Two-Way ANOVA results, significant differences in stem elongation between the 305 treatments were not observed (factor salinity p =0.966; factor cadmium concentrations p = 0.141; 306 interaction between the factors p = 0.771). 307
To check the influence of the initial length in the growth of the plants, the length increment 308 of the aerial portion during the experiment was correlated with its initial length. Due to the number 309 of dead plants observed in some treatments during the experiment, only the treatments with a 310 minimum of 5 surviving plants were tested for this correlation (S5Cd0, S5Cd100 and S10Cd100). Contrarily to what was observed for the length, the weight of the plants decreased during the 319 month of experiment, for all treatments, except in S0Cd50 and S10Cd0 ( Figure 2B ). However the 320 greatest loss occurred in the treatments with the highest salinity and contaminated with Cd, 321 S10Cd50 (1.23 g) and S10Cd100 (1.27 g) ( Figure 2B ). Salinity and Cd concentration influenced the 322 weight variations, exhibiting statistical significance when the Two-Way ANOVA was performed (p 323 = 0.00) (table 2).The application of the Bonferroni test showed differences between the treatments 0 324 and 50 µg Cd.l -1 (p = 0.000) and 0 and 100 µg Cd.l -1 (p = 0.000), on salinity 10. 325
The organic matter present in the sediment where plants were developing during the experiment 326 was negligible, with the highest value of 0.49% in the treatment S10Cd0 and the lowest value of The Cd accumulation in the roots exceeded that of the aerial portions, for all treatments. In 341 fact, in most treatments Cd concentration in aerial portions was not detectable. Maximum transport 342 was observed at S0Cd50, with a maximum Ti that reached 21.6%. For the other treatments it was 343 less than 2.2% ( Figure 4A ). The Bioaccumulation Factor assumed higher values at salinity 0, with 344 the maximum reached at the treatment S0Cd100 (955.0 l.kg -1 ), while the minimum value (188.9 345 l.kg -1 ) was recorded at the highest salinity and Cd concentration, excluding the treatments without 346
Cd, where dissolved Cd in water was not detectable. In fact, BAF decreased with the increase of 347 salinity and concentration of Cd, except in the treatment with no salinity ( Figure 4B) . 348
In general, at the end of the experiment, the amount of Cd dissolved in the solution 349 treatment was higher compared to the Cd associated with the suspended matter in these solutions, In the present study the main objective was to check the capacity of Salicornia ramosissima 366 for phytoremediation of Cadmium, when exposed to different salinities and Cd concentrations. 367
The chi-square tests proved that the parasite larvae had no effect on the mortality of the 368 plants subjected to two of the three treatments with salinity 5 (0 and 100 µg Cd.l -1 ). Also for the 369 treatments S0Cd50 (no presence of larvae), and S10Cd0 (about 78% of plants with larvae, but all of 370 these plants survived to the experiment) the effect of the larvae on plants mortality is excluded. In 371 all the treatments mentioned above, the mortalities found during the experiment, were the lowest 372 observed, corresponding to mortalities inferior to 50%, with emphasis on the treatment S0Cd50 373 where the survival of the plants was 100%. For the remaining treatments, and even though the chi-374 square test was not conclusive, the mortality observed was, almost entirely, superior to 50% 375 (S0Cd0, S0Cd100, S5Cd50, S10Cd50 and S10Cd100, with a mortality of 89%, 56%, 78%, 89% and 376 45%, respectively). Therefore it is not possible to exclude some influence of the larvae on the 377 mortality of the plants, especially on the treatments: (i) S0Cd100; (ii) S5Cd50 and (iii) S10Cd50, 378 since the incidence of the larvae was higher than 75% in these treatments. Also, it is our belief that 379 the high incidence of larvae registered on the treatment S0Cd0 was determinant for the death of 380 these plants, causing the high mortality observed in this control treatment, contrarily to our 381 expectations, since the conditions of this treatment are among the most favorable for the 382 development of S. ramosissima (see for instance Silva et al., 2007) . 383
The plants used in the present study were collected from a natural population at the Óbidos 384
Lagoon. Although the degree of tolerance to Cd of this population is not known (no published data 385 exist) and, to our knowledge, a comparison study with plants obtained from an uncontaminated site 386 is not available, the present study allowed drawing some relevant conclusions. Stem elongation 387 seems to be a parameter more tolerant to Cd and salinity, when compared with weight variation, In regard to the dissolved Cd, it was observed that some treatments increased their Cd 468 concentration, namely S5Cd50, S5Cd100 and S10Cd50. Without excluding the possibility that 469 contamination has occurred (which the probability is very low, given the care taken throughout the 470 experiment), the most plausible explanation is the release of Cd from organic matter in 471 decomposition (Weis and Weis, 2004 Cd concentrations (µg.l -1 ) 100 S0Cd100 S5Cd100 S10Cd100 
Highlights
• An experiment, using 2 Cd concentrations at different salinities, was performed.
• The capacity of Salicornia ramosissima on Cd phytoremediation was evaluated.
• Salinity and Cd affected the plants survival, growth and bioaccumulation capacity.
• Cd bioaccumulation decreased with the increase of salinity and Cd concentration.
• Salicornia ramosissima accumulated Cd mainly on the roots.
